suMMarY: the objective of the present study was to follow the seasonal chemical changes and to study the effect of culinary treatments on the nutritional value of black scabbardfish (Aphanopus carbo). the proximate chemical composition of black scabbardfish (BsF) landed in sesimbra (Portugal) was followed for one year. the nutritional quality (proximate chemical composition, amino acid and fatty acid profiles, cholesterol and minerals) of raw, fried and grilled BsF was evaluated in one period of the year. BsF is a semi-fatty species, the protein content was 15-17.5% and the most abundant amino acids were glutamic acid, aspartic acid and lysine. the dominant fatty acids were monounsaturated (66%), followed by saturated (19%) and polyunsaturated (10%) ones. Potassium, phosphorus and sodium were the most abundant minerals. some dehydration occurred in cooked BsF but fat content was the most affected nutrient, particularly in fried fish. these results may suggest that the absorption of frying oil led to important changes in the fatty acid profile, and particularly in the linoleic acid level. the highest protein losses were recorded in fried BsF. in general, the nutritional quality of grilled fish seemed to be more balanced than that of fried fish.
raised about the presence of contaminants (ruiter, 1995; afonso et al., 2008) . thus, the gathering of available knowledge, the development of studies about the biochemical composition and the dissemination of such information towards the processors and consumers is of utmost importance for the upgrading of these species.
in Portugal, the black scabbardfish (Aphanopus carbo Lowe, 1839) (BsF) is the most important commercially exploited fish of Portuguese deepwater fisheries. in the last decade landings have increased to about 6000 tonnes (3000 tonnes each off Madeira and mainland Portugal). this species is available as fresh gutted fish, fillets and portions and frozen fillets, and BsF now plays an important role in the human diet of the Madeira islands and sesimbra (Portugal mainland). Moreover, in recent years it has gained an important role in Portuguese gastronomy through the preparation of very special dishes.
as for other fish species, the chemical composition of BsF flesh is influenced by a number of factors, but culinary treatments are also responsible for major changes in fish muscle, especially affecting sensory attributes, chemical characteristics and nutritional composition.
the aim of this study was to characterise the seasonal changes in proximate chemical composition of fillets with and without white skin, to evaluate the nutritional aspects of the flesh (main constituents, amino acid and fatty acid profiles, and cholesterol, mineral and vitamin contents) and to determine the effect of grilling and frying on its biochemical composition.
MateriaLs aNd Methods

Sample preparation and cooking
Black scabbardfish (BsF) caught off sesimbra (Portugal) in [2007] [2008] (Fig. 1 ) was obtained from a local retailer. samples were transported in ice to the laboratory in Lisbon. For seasonal chemical characterisation, 10 individuals were analysed on a routine monthly basis. on arrival at the laboratory, fresh fish was hand processed, i.e. filleted and skinned (removal of the thin black skin). two lots of fillets were prepared: one (skin on) with the white skin (the one under the black skin) and one (skin off) without the skin. all fish in each lot were homogenised. Fish for nutritional characterisation and culinary treatments was also filleted and skinned by hand (only the black skin was removed). culinary treatments followed the usual household preparation. For grilling, fish portions (about 7 cm length) were previously spiked with 1.5% salt, which was partially removed after 15 minutes; grilling was done in an electric grill (2000 W) for 10 minutes. For frying, fish portions were prepared and salted as for grilling, then coated with wheat flour and deep-fried in vegetable oil (total saturated fatty acids 10%, total monounsaturated fatty acids 29%, total polyunsaturated fatty acids 61%). the oil was discarded after each batch frying. all assays were conducted in triplicate samples and the results are expressed in wet weight.
Analytical methods
in this study we analysed the concentration of the different nutritional components in raw, fried and grilled muscle. the results are expressed in g per 100 g wet weight of raw, fried or grilled muscle, respectively. Moisture, ash, protein and lipid contents were determined in each specimen's tissue according to the association of official analytical chemists procedures (aoac, 2000) . Briefly, the moisture content was obtained by drying the sample overnight at 105ºc, ash was quantified after combustion for 16 h at 550ºc, crude protein content was determined by the Kjeldahl method (aoac, 2000) using a conversion factor of 6.25, and total lipid was determined with the soxhlet extraction method (aoac, 2000) using ethyl ether. the energy value, expressed as kcal and kJ/100 g edible part, was estimated using Fao (1989) factors: 9.02 and 4.27 kcal/g for fat and protein, respectively. the amino acid profile was determined by ion exchange chromatography of hydrolysed proteins (6 N hydrochloric acid containing 0.1% phenol) in an MLs-1200 Mega Microwave system (Milestone) at 800 W and 160ºc for 10 min. the hydrolysis was performed under inert and anaerobic conditions to prevent oxidative degradation of amino acids. the hydrolysates were filtered and dissolved in ph 2.2 sodium citrate buffer. it is noteworthy that with this hydrolysis procedure tryptophan was not determined. amino acids were separated by ion exchange liquid chromatography in a Biochrom 20 automatic analyser (amersham Biosciences) equipped with a column filled with a polysulphonated resin (250 x 4.6 mm), using three sodium citrate buffers, ph 3.20, 4.25 and 6.45 (amersham Biosciences), and three different temperatures (50ºc, 58ºc and 95ºc). the detection of amino acids was done at 440 nm and 570 nm after reaction with ninhydrin (amersham Biosciences). amino acids were identified by comparison of their retention time with those of specific standards (sigma) and quantified with the software eZchrom™ chromatography data system, version 6.7. (scientific software inc.) using norleucine (sigma) as an internal standard.
the determination of fatty acid profile methyl esters was based on the experimental procedure described by Lepage and roy (1986) , modified by cohen et al. (1988) . the fatty acid methyl esters were analysed in a cP 3800 varian gas chromatograph, equipped with an auto-sampler and fitted with a flame ionisation detector (Fid). the separation was carried out with helium as the carrier gas in a dBWax polyethylene glycol column (30 m x 0.25 mm id) programmed to start at 180ºc for 5 min, heat at 4ºc/min for 10 min and hold up at 220ºc for 25 min, with a detector at 250ºc. a split injector (100:1) at 250ºc was used. Fatty acid methyl esters were identified by comparison of their retention time with those of chromatographic sigma standards. the values were expressed as mg/100 g edible part, using the conversion factors proposed by Weihrauch et al. (1977) . the total unsaturation index (ui) was generated by summing the individual fatty acid unsaturation indices, which were calculated by multiplying the number of double bonds of each fatty acid by its percentage and dividing by 100 (huynh and Kitts, 2009).
cholesterol was assayed by gas chromatography after saponification in alkaline conditions, based on the method of Naemmi et al. (1995) modified by oehlenschläger (2000) . it was analysed in a cx 3400 variaN gas chromatograph and the separation was carried out with helium as the carrier gas in an hP5 column (30 m x 0.5 mm id). the temperatures of the oven, injector and detector were 280ºc, 285ºc and 300ºc, respectively. cholesterol was identified and quantified by comparison with a pure standard (sigma, Portugal) from which a calibration curve was prepared.
calcium and magnesium were measured by flame atomic absorption spectrometry in the ash hydrochloric solution, and using lanthanum as the releasing agent (aoac, 2000) . chloride was determined by a volumetric method (iPq, 1988) after precipitation of chloride with a silver nitrate solution in excess and titration of the excess with ammonium thiocyanate in the presence ferric indicator. copper, iron and zinc were analysed by flame atomic absorption spectrophotometry in the ash hydrochloric solution (aoac, 2000) . Manganese was determined in an ash nitric solution by atomic absorption spectrometry equipped using a graphite furnace (aoac, 2000) . Phosphorus was analysed by spectrophotometry, after reaction of molybdovanadate reagent with the ash hydrochloric solution (aoac, 2000) . Potassium and sodium were quantified by flame photometry in the ash hydrochloric solution, using lithium solution as an ionisation buffer (aoac, 2000) . all results are expressed as 100 g of edible part.
the thrombogenic potential of the fish studied was evaluated according to ulbricht and southgate (1991) using the thrombogenic index [ti = (14:0 + 16:0 + 18:0)/(0.5 MuFa + 0.5 n-6 PuFa + 3 n-3 PuFa + n-3 PuFa/n-6 PuFa]. For ti calculations the fatty acids concentrations were expressed as g/100 g of total fatty acids. the hypercholesterolemic-atherogenic potential of the samples was evaluated using the cholesterol-saturated fat index (csi) according to connor et al. (1986) , where csi = (1.01 × g of sFa 100 g -1 of fresh matter) + (0.05 × mg of cholesterol 100 g -1 of fresh matter).
Statistical analysis
one-way analysis of variance (aNova) was used to compare biochemical compositions. Normality and homogeneity of variances were verified by Kolmogorov-smirnov and Bartlett tests, respectively. a paired t-test was used to compare the apparent retention factors. all statistical tests were performed using the statistics version 6.0 for Windows XP (Microsoft, usa) package.
resuLts
Raw material
the average values of the four main constituents-moisture, fat, protein and ash-and the energy values in black scabbardfish fillets with (skin-on) and without white skin (skinless) are shown in table 1 and the seasonal changes of these four compounds over one year are shown in Figures 2 and 3 . the moisture content (% wet weight) was lower in skinon fillets (75.3%) than in skinless fillets (79.0%). the crude protein content was of the order of 16.0% and the ash between 1.1% and 1.2%. as can be seen, the total lipid content was always higher in skin-on fillets (6.7%) than in skinless products (2.5%), due to the removal of a thin layer of subcutaneous fat during the skinning. the energy values were low, 95 and 129 kcal/100 g for skinless and skin-on fillets, respectively.
the amino acid profile (g/100 g protein) of this species, that of a standard (Fao/Who, 1991) and the recommended daily intakes (usydus et al., 2009) are shown in table 2. the protein of this species contained high amounts of non-essential amino acids (Neaa) such as glutamic acid, aspartic acid and alanine: 15.29, 10.19 and 6.37 g/100 g of protein, respectively. the main essential amino (eaa) acids were lysine and leucine, accounting for 10.19 and 8.28 g/100 g of protein, respectively. Within semiessential amino acids (seaa), arginine was the most abundant (6.37 g/100 g of protein). the main fatty acids (Fa) detected in the total lipids of black scabbardfish are shown in table 4. the saturated fraction (sFa) represented 19.4% of total fatty acids, with palmitic acid (16:0) as the most important Fa within this fraction, followed by stearic acid (18:0). Monounsaturated fatty acids (MFa) were the main group, at over 65%. oleic acid (18:1n-9) was the dominant one, followed by 22:1 and 20:1. the presence of nervonic acid (24:1n-9) was recorded. Polyunsaturated fatty acids (PuFa) were the smallest group and the n-3 PuFa was the dominant one compared with n-6 PuFa, showing an n-3/n-6 ratio of 8.8. eicosapentaenoic acid (ePa, 20:5n-3) and docosahexaenoic acid (dha, 22:6n-3) represented around 80% of total PuFa and dha accounted for over 59%.
the mineral content and range observed for potassium (K), phosphorus (P), sodium (Na), sulphur (s), magnesium (Mg), calcium (ca), zinc (Zn), copper (co) and chloride (cl) are given in table 3. as can be seen, potassium and phosphorus were the most abundant.
Cooked products
values related to raw BsF and cooked productschemical composition, energetic value, main fatty acids, cholesterol and minerals-are shown in table 5. culinary treatments strongly affected the moisture content (P<0.05). the protein levels of raw, grilled and fried products were also significantly different (P<0.05). Fat values were significantly higher in fried products (16.6%) than in raw products (2.8%) and grilled products (3.2%). the fat content in fried products reflected the absorption of frying oil. ash almost doubled in fried and grilled products in comparison with raw BsF (P<0.05). relatively to the fatty acids contents, the main changes were due to absorption of vegetable oil and the leaching out of water. the absorption of frying oil was also well evidenced in the considerable increase in MuFa and PuFa as a result of the absorption of oleic and linoleic acids, respectively. the cholesterol contents in raw, grilled and fried products were 24, 29 and 36 mg/100 g, respectively.
the most relevant minerals in cooked products were potassium, phosphorus and sodium (table 5) . the main changes were due to water loss and the addition of salt before cooking.
discussioN
Raw material
it is well known that the chemical composition of fish muscle varies according to sex, age, environment and season (Love, 1980) . in the present study only the seasonal effect and the presence of white skin was studied. the reason for characterising the fillets with white skin on was that this is the usual form of household use in fish dishes. the results in table 1 and Figures 1 and 2 allow us to conclude that black scabbardfish is a semi-fatty species because its fat content is between 5 and 10%. a negative correlation between fat and moisture was observed in the present study (results not shown), as has been reported for a number of fish species (Love, 1980; suzuki, 1981) . these seasonal lipid changes are usual in fish and depend on factors such as time of year (dawson and Grimm, 1980), environmental conditions (Gill and Weatherly, 1984) , stage of maturity of the gonads (Weatherley and Gill, 1987) , state of nutrition (elliot, 1976; corraze, 2001 ) and age (Parker and vanstone, 1966) . the stage of maturity is one of the most important factors because during gonadal maturation stored lipids or muscle proteins are mobilised to gonads (sharer, 1994) . a decreasing trend of BsF fat content (Fig. 3a) in the period from July to January was observed; Neves et al. (2009) found an increase of the gonadal maturation percentage in the period between July and November, suggesting an inverse relation between lipid content and sexual maturation in this species.
the protein and ash contents were in the range found for most deep water fish species, such as silver scabbardfish (Bandarra et al., 2004) a species belonging to the same family of BsF. the amino acid composition of the edible part of black scabbardfish was similar to that of other deep-water fish species (Bandarra et al., 2004) . the essential amino acids values allow us to conclude that the protein of this species is well balanced, since the amounts were greater than those in the standard protein (Fao/ Who, 1991) , as can be seen in table 2. in addition, limiting amino acids in black scabbardfish, such as lysine and methionine, expressed as g per 100 g of protein, also occurred at levels higher than those in the standard protein (Fao/Who, 1991) . the total of seaas in BsF is substantial (12.1 g/100 g protein), namely arginine. these amino acids are not normally required in the human diet but must be exogenously supplied to specific populations under special conditions, such as intensive growth, stress, or in some diseases state. as in most fish species, the most important Neaas were glutamic and aspartic acid. the amounts of the amino acids cysteine and tryptophan were not determined, but they would sum about 1.28 g per 100 g of black scabbardfish protein. the essential amino acid requirement for an adult man weighing 70 kg is about 5.6 g per day (usydus et al., 2009) . therefore, this fish species can be considered a significant source of amino acids in terms of both quality and quantity, because 100 g of the edible part is sufficient to meet this daily requirement. the influence of diet on the fatty acid profile has been recognised and may thus be related to the stomach contents. however, in the case of black scabbardfish the stomach is frequently empty or everted and it was not possible to analyse any remains in the stomach. therefore, the discussion takes into account the fatty acid profile of species living in deep-sea waters in the Ne atlantic. in most fish species the omega 3 polyunsaturated fatty acids (n-3 PuFa) are the dominant group, but in BsF the monounsaturated fatty acids were the largest fraction. this exception has also been found for meagre and silver scabbardfish (Nunes et al., 2003) and for sablefish (oliveira et al., 2008) . in BsF oleic acid was the dominant monounsaturated fatty acid, and the percentage of 18:1n-9 and 18:1n-7 isomers was higher than 30% of the total of fatty acids, which is an unusual result in fatty acid profiles of fish species (Bandarra et al., 2004) . it is also important to note that relevant percentages of 20:1 and 22:1 were recorded, contrary to the findings of sirot et al. (2008) in more than fifty species. this difference is probably related to the feed available because its exogenous origin is recognised (ackman, 1982) . the high MuFa percentage found in BsF may result from the assimilation of fatty alcohols from the wax esters of the prey, which are directly converted into fatty acids, as also mentioned by stowasser et al. (2009) for Coryphaenoids armatus, a deep-sea fish living at depths of 2500 to 4800 m. the unsaturation index (ui) of total unsaturated fatty acids and the unsaturation index of only ePa + dha in the lipids of BsF were 1.27 and 0.44, respectively. these values are much lower than those reported by huynh and Kitts (2009) for species with a similar fat content as a result of the high level of MuFa in BsF.
the presence of nervonic acid (24:1n-9) is not usually detected in most fish species, but in BsF it was about 0. 2%. ota et al. (1995) also reported the presence of this fatty acid in flathead flounder lipids and shanta and ackman (1991) in nine different marine fish oils. the results obtained by the latter authors support the hypothesis that nervonic acid is biosynthesised by fish. thus, the presence of this fatty acid in BsF suggests that this species is able to biosynthesise this MuFa. the importance of nervonic acid was highlighted by seargent et al. (1994) , who demonstrated some medicinal significance based on its essential role as a nutrient for growth, development and maintenance of the brain. Within the saturated group, palmitic acid was the most abundant, with a level of 12%. this fatty acid is quite constant over the life cycle of marine animals and is considered a key metabolite in the synthesis of other fatty acids (ackman, 1982) .
although BsF has an unusual fatty acid profile due to its high MuFa percentage and low PuFa content, it has to be stressed that the n-3/n-6 ratio found in BsF falls within the range reported by huynh and Kitts (2009) for several fish species. Moreover, the percentage of ePa and dha of the total n-3 PuFa was similar to that reported by the previous authors. this similar percentage of n-3 fatty acids of total PuFa among several species living in quite different habitats shows its importance in the structural lipid fraction.
the average mineral content in the edible part was very close to 1.1 g/100 g though, as can be seen in table 4, great variations between individuals were found. the order in terms of amounts was: potassium> phosphorus> sodium> sulphur > chloride > magnesium> calcium> zinc> copper. as in most species, potassium was the most abundant mineral. considering the daily intake recommendations, the edible part of black scabbardfish is a good source of several minerals.
Cooked products
the proximate chemical composition of fried and grilled BsF showed that both cooking methods resulted in water loss, tough the greatest loss was observed in frying. the higher protein level recorded in fried BsF in comparison with the other two methods was also observed by türkkan et al. (2008) in fried, beheaded and eviscerated sea bass (Dicentrarchus labrax). the water loss that occurred during frying was responsible for this apparent higher concentration. Furthermore, the high fat content of fried fish reflects the absorption of oil (table 5) . the use of wheat flour to cover fish before frying contributes to an additional uptake of oil. the water loss and the higher contents of the other constituents in the cooked fish are in accordance with the findings of other studies (Gall et al., 1983; García-arias et al., 2003; Gokoglu et al., 2004; Kalogeropoulos et al., 2004; rosa et al., 2007) . Limited changes in the fat content of BsF occurred during grilling, probably due to the preferential location of lipids in membranes. this is particularly evidenced by the higher level of PuFas, especially dha (an important structural fatty acid), which were not lost during grilling.
the absorption of the vegetable oil by fish during frying was responsible for the high level of MuFa and PuFa, because frying oil was very rich in oleic and linoleic acids. the intake of vegetable oil by fish is clearly evidenced by the amounts of these two fatty acids in the fried BsF. the absorption of vegetable oil during frying led to an important decrease in the n-3/n-6 ratio, which is in agreement with previous findings (echarte et al., 2001) . in fact, the n-3/n-6 ratio in grilled fish was 4.0, whereas in fried fish it was only 0.04, indicating that grilled fish provides higher levels of n-3 fatty acids. however, the thrombogenic index calculated for fried and grilled fish showed very similar levels: 0.22 and 0.18, respectively. it is also to be stressed that a dose of 150 g of fried BsF or grilled BsF can provide 513.2 mg or 469.2 mg of ePa plus dha respectively, which are close to the daily dose (500 mg) recommended by the issFaL (2004) to prevent cardiovascular diseases.
the water lost during grilling and frying were also reflected in the relative increase in cholesterol level in the cooked products. this effect was also particularly evident in fried BsF and has been reported for other fish species (ewaida, 1993; echarte et al., 2001) . the csi was calculated for raw, fried and grilled BsF because it has been used to compare different foods in terms of their hypercholesterolaemic-atherogenic potential (connor et al., 1986) . this index was 1.68, 3.66 and 2.09 for raw, fried and grilled fish, respectively. Both culinary treatments, and particularly frying, led to an increase in this index. however, the levels attained in the present study were considerably lower than those reported by Kalogeropolous et al. 2004 , who used olive oil as the frying medium. it should be stressed that both raw and cooked BsF had a cholesterol level considerably below the maximum recommended daily intake (rdi), which is 200-300 mg.
the rise in the ash content in cooked products was influenced by the addition of salt and by the water loss during the culinary treatments. higher levels of calcium, phosphorus, magnesium, potassium and zinc in fried than in grilled fish also reflect the higher water loss during frying. the very high level of sodium and chloride resulted from the addition of sodium chloride to fish during its culinary preparation.
the results obtained by Gokoglu et al. (2004) in rainbow trout and by rosa et al. (2007) and ersoy and Özeren (2009) in african catfish did not show similar trends between the effect of frying and grilling on the mineral fraction, which may be related to the specific characteristics of each fish species and/or to the procedure followed in each culinary treatment.
Finally, taking into consideration the rdi values indicated in table 3, a dose of 150 g provides a good contribution of minerals to satisfy human requirements.
reFereNces
